Abstract
extensive in situ data set measured in 2011 in McMurdo Sound in the south-western Ross Sea 23 is used to achieve this. We use drill-hole measurements and the hydrostatic equilibrium 24 assumption to estimate a mean value for the solid fraction of this sub-ice platelet layer of 25 2 0.16. This is highly dependent upon the uncertainty in sea ice density. We test this value with 26 independent Global Navigation Satellite System (GNSS) surface elevation data to estimate 27 sea ice thickness. We find that sea ice thickness can be overestimated by up to 19 %, with a 28 mean deviation of 12 % as a result of the influence of the sub-ice platelet layer. It is 29 concluded that within 200 km of an ice shelf this influence might need to be considered when 30 undertaking sea ice thickness investigations using remote sensing surface elevation 31 measurements. The increasing sea ice extent in the Ross Sea is the main contributor to the overall positive 35 trend in the Antarctic sea ice cover as recorded over the satellite observational period 36 (Parkinson and Cavalieri, 2012) . The causes of this increase are unclear, but are likely linked 37 to enhanced sea ice production in areas such as the Ross Sea Polynya and regional 38 atmospheric cooling (Comiso et al., 2011) . The southern Ross Sea is also characterised by the 39 presence of ice shelf margins which are zones of abrupt physical change, in particular with 40 regard to water mass interaction. At the large scale, the interaction of water sourced from ice 41 shelf basal melting, which freshens the surface ocean, has been suggested as a potential 42 contributor to increasing sea ice extent in the Southern Ocean (Bintanja et al., 2013) . Of 43 further interest, it is well known that the outflow of supercooled water from the ice shelf 44 cavity creates an additional heat sink to the ocean promoting sea ice growth (Trodahl et al., submitted). This additional ice that forms as a direct result of oceanic heat flux driven by the 48 availability of supercooled water can be split into three components; platelet (or frazil) 49 crystals suspended in the water column, an unconsolidated porous layer of sub-ice platelets 50 3 directly beneath the sea ice and a layer of consolidated platelet ice incorporated into the sea 51 ice (Dempsey et al., 2010) . The sub-ice platelet layer, which does not contribute to the 52 mechanical integrity of the sea ice cover, and has a very different density than consolidated 53 ice, creates an additional source of buoyancy resulting in an increase in sea ice freeboard. 54 Currently the use of sea ice freeboard measurements from satellite altimetry is the only 55 method to derive large-scale sea ice thickness estimates in the Antarctic (Kurtz and Markus, 56 2012). Using a freeboard measurement alone to estimate sea ice thickness under the 57 hydrostatic equilibrium assumption could result in an overestimation of sea ice thickness -if 58 the influence of the unknown sub-ice platelet layer thickness turns out to be significant. Here we firstly discuss deriving sf under the hydrostatic equilibrium assumption and the 81 influential components which must be considered. We then describe our in situ data set from 82 McMurdo Sound in the south-western Ross Sea (Figure 1) 2b) where no sub-ice platelet layer was measured we obtain a mean value of 927 kg m The total error for sf can be estimated by error propagation from equation (1) In order to derive sea ice thickness from SE GNSS we need to take into account the effect of the triangles. The 18 sites at which snow density was measured are indicated with blue circles.
517
The 7 sites at which sea ice density was estimated using the hydrostatic equilibrium 518 assumption are shown with 'ρi' underneath the measurement site. 
